Aims: Intraspecific differentiation and characterization of Vibrio alginolyticus strains isolated from cultured fish in Spain. Materials and Results: Thirty-four Vibrio alginolyticus strains isolated from cultured fish were intraspecifically characterized on the basis of biochemical and exoenzymatic patterns, outer membrane protein (OMP) profiles, ribotyping and plasmid analyses. The typing methods used did not allow to group V. alginolyticus isolates on the basis of their sources of collection. A higher homogeneity was observed in OMP profiles. A high percentage of isolates were plasmidless. Ribotyping was the highest discriminatory typing method, as all the isolates tested presented 23 profiles using the HindIII restriction enzyme. On the basis of the ribotyping pattern, a similarity matrix and a dendrogram were constructed. Conclusions: The results obtained indicate that V. alginolyticus strains isolated from southwestern Spain belong to different clonal lineages. Significance and impact of the study: This study has shown differences with other similar studies carried out in other areas of Europe with strains of V. alginolyticus with respect to the clonal lineages of the strains isolated in southwestern Spain.
INTRODUCTION
A wide number of members of the genus Vibrio, e.g. V. anguillarum, V. damsela (¼Photobacterium damselae), V. vulnificus, V. ordalii or V. salmonicida, are involved in diseases of cultured fish (Edigius et al. 1981; Schieve et al. 1981; Biosca et al. 1991; Fouz et al. 1991; Austin and Austin 1993) , affecting the commercial explotation of fish farms (Austin and Austin 1993; Balebona et al. 1998a) .
Vibrio alginolyticus is a species with a broad geographical distribution in marine and estuarine waters, especially in bathing areas (Larsen et al. 1981; Barbieri et al. 1999) . Some authors have considered that V. alginolyticus can pose a human health hazard (Larsen et al. 1981; Matsiota and Nauciel 1993) . In addition, V. alginolyticus has been associated with several diseases of marine animals, including fish (Muroga et al. 1987; Magariños et al. 1992; Sedano et al. 1996; Balebona et al. 1998b) , shellfish (Colorni et al. 1981) and echinoids (Bauer and Young 2000) , causing disease outbreaks in cultured fish and important economic losses (Colorni et al. 1981; Paperna 1984; Borrego et al. 2001) .
In Spain, cultured fish in marine farms are usually vaccinated against vibriosis caused by V. anguillarum and V. vulnificus and against pseudotuberculosis provoked by P. damselae subsp. piscicida. Such vaccination procedures have reduced the incidence and frequency of disease outbreaks caused by these pathogenic bacteria. However, this prophylactic measure has provoked that opportunistic bacterial species may emerge and cause infections (Austin 1999) . In the case of V. alginolyticus, an important increase in the isolation percentage has been recorded from 1990 to 1996 (Balebona et al. 1998b) . Although V. alginolyticus has not been confirmed as a pathogen in marine fish, experimental infections using gilt-head sea bream have demonstrated the presence of cytotoxic and neurotoxic effects for fish and cell lines (Balebona et al. 1998a,c) .
Several typing methods have been used to dilucidate the epidemiology and pathobiology of several Vibrio species, including V. vulnificus (Biosca et al. 1997; Arias et al. 1998) , V. anguillarum (Austin et al. 1995) and V. ordalii (Williams et al. 1988) . However, only a few studies have been conducted on the characterization of V. alginolyticus strains isolated from cultured fish or marine water (Zorrilla 2000) .
In the present work, we have used several typing methods for intraspecific characterization of 28 V. alginolyticus strains isolated in different epizootic outbreaks affecting several marine cultured fish. In addition, three strains collected from the marine environment and three strains from marine animals have also been comparatively studied.
MATERIALS AND METHODS

Bacterial strains and growth conditions
Thirty-four strains from different sources and origins (Table 1) were identified as belonging to V. alginolyticus by biochemical characterization following the criteria proposed by Bryant et al. (1986) ; Alsina and Blanch (1994) and Ortigosa et al. (1994) . The tests applied were: Gram stain, cell morphology, cytochrome-oxidase, motility, O-F test, susceptibility to 150 mg of the vibriostatic agent O/129, growth on thiosulphate-citrate-bile salt-sucrose agar (TCBS); swarming, growth in 0, 6 and 8% NaCl, growth at 4, 15 and 37°C, gas production from glucose, indole and Voges-Proskauer tests, arginine dihydrolase, decarboxylation of lysine and ornithine, acid production from arabinose, sucrose, lactose, mannitol, and mannose; and the enzymatic activities: caseinase, gelatinase, lipase, lecithinase, amylase, hydrolysis of aesculin. Strains were grown on tryptone soya agar (TSAs; Oxoid Ltd. Basingstoke, Hampshire, England) supplemented with NaCl 1AE5% and in tryptone soya broth (TSBs; Oxoid) with NaCl 1AE5% and incubated at 22°C for 24-48 h. All the V. alginolyticus strains and two reference strains (V. alginolyticus CECT 586 and CECT 521 T ; Spanish Type Culture Collection, University of Valencia, Valencia, Spain) were comparatively studied.
The study included 26 V. alginolyticus strains obtained from epizootic outbreaks affecting gilt-head sea bream (Sparus aurata, L.), sea bass (Dicentrarchus labrax) turbot (Scophthalmus maximus) and Senegal sole (Solea senegalensis) occurred in fish farms in Spain. They were recovered from diseased fish (Table 1) , which showed the following symptoms: dark skin, haemorrhagic fins, septicemia and ulcers on the skin surface in some cases. Internally, diseased fish accumulated fluids in the peritoneal cavity, and haemorrhagic livers were observed in some specimens.
Phenotypic characterization
The phenotypes of the 34 strains were compared using 67 morphological, physiological and biochemical tests described by several authors (Bryant et al. 1986; Alsina and Blanch 1994; Ortigosa et al. 1994) . The tests were performed following the methodology described by Smibert and Krieg (1981) . Enzymatic activities of the strains were determined by using API ZYM strips according to the manufacturer's instructions (bioMérieux, Charbonnières-les-Bains, France). Elastase activity was evaluated following the method specified by Williams et al. (1988) .
Numerical analyses were performed using 67 phenotypic characters. Simple Matching and Jaccard similarity coefficients were used (Sneath 1972 ) and clustering was achieved by the unweighted pair group method with arythmetic averages (UPGMA) (Sneath and Sokal 1973) . The phenotypic characteristics were analysed using the NTSYST-pc numerical taxonomy and multivariate analysis system (Rohlf 1998) . Test reproductibility was evaluated by duplication of six strains and the corresponding error was calculated according to Sneath and Johnson (1972) .
Determination of outer membrane protein profiles
Outer membrane proteins (OMP) were determined using the method previously described by Crosa and Hodges (1981) . Outer membranes (OM) were obtained by treatment of total cell envelopes with Sarcosyl [1AE5% (wt/vol)] in 0AE01 mol l )1 Tris-HCl (pH 8AE0) for 20 min at room temperature. After centrifugation (100 000 · g, 1 h at 4°C), OM pellets were washed twice in 10 mM M Tris-HCl (pH 8AE0) and stored at )20°C. OMP were examined by sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis (PAGE) (Laemmli 1970 ) with 12AE5% acrylamide in the separating gel and 4AE5% acrylamide in the stacking gel. The proteins were stained with Coomassie brilliant blue R-250 (Sigma, Chemical Co., St Louis, MO, USA) and the molecular weights were determined by comparison with a mixture of commercial markers (SDS-6H) (Sigma).
Ribotyping
Total DNA from each isolate was extracted by sequential treatments with sodium dodecyl sulfate, pronase (Sigma) (final concentration 25 lg ml ), and ammonium acetate (7AE5 mol l )1 ). DNA was precipitated with ethanol and resuspended in TE buffer (10 mM M Tris-HCl, 0AE001 mol l )1 EDTA, pH 8AE0). Concentration and purity of the total DNA were spectrophotometrically evaluated at 260 nm and 260 nm/280 nm, respectively. Prior to the restriction enzyme treatment, 200 ll amounts of DNA were adjusted to the appropriate concentration by precipitation with ethanol and resuspended in TAE buffer (40 mM M Trisacetate, 0AE002 mol l )1 EDTA, pH 7AE9). DNA samples (2 lg)
were digested separately with PvuI, SmaI, SalI and HindIII following the recommendations of the manufacturers (Boehringer), and the reaction was stopped by addition of 10 ll of stabilized solution. Digested DNA was electrophoresed in 0AE8-1% agarose gels (Sigma type II-A) in TAE buffer at 70 V for 6 h. After electrophoresis, gels were washed twice with 0AE25 mol l )1 HCl (15 min each) and twice with 0AE5 mol l )1 NaOH. Then, DNA was denaturalized by two treatments with 1AE5 mol l )1 NaCl (20 min) and neutralized with Tris buffer (0AE5 mol l )1 Tris, 3 mol l Gilt-head sea bream NaCl, pH 7AE0). Afterwards, DNA was transferred under vacuum (Hybaid VacuAid, Thermo Hybaid, Ashford, UK) to a 0AE45-lm pore size nylon membrane (Boehringer Mannheim). After a fixation step by UV light (UV crosslinker) for 2 min, the DNA was hybridized with a digoxigenin-labelled probe synthesized from a mixture of 16 and 23 S rRNA from Escherichia coli (Sigma), using avian myeloblastosis virus (AMV) reverse transcriptase (Boehringer Mannheim), ramdon primers (Boehringer Mannheim), and the deoxynucleotides to label with digoxigenin (DIG DNA Labeling and Detection Kit, Boehringer Mannheim). Prehybrydization (68°C, 1-6 h), hybridization (56°C, 16 h) and immunodetection were performed following the instructions included in the DIG DNA Labeling and Detection Kit. All the isolates tested were ribotyped twice. Similarity among the V. alginolyticus strains was estimated from the number of matching bands in the ribotype patterns by using the Dice coefficient (Sd) (Dice 1945 ) as a measure of homology according to the following equation:
, where A is the number of matching bands and B and C are the number of bands present in one strain but not in the other. The ribotypic characteristics were analysed using the NTSYST-pc numerical taxonomy and multivariate analysis system (Rohlf 1998) . The clusters were confirmed by comparison with a dendrogram obtained using the Jaccard coefficient.
Plasmid analysis
The alkaline extraction method described by Birnboim and Doly (1979) and modified by Sambrook et al. (1989) was used for DNA plasmid isolation. DNA was concentrated by addition of 2AE5 volumes of absolute ethanol and incubation at )30°C for 10 min. After ethanol removal by centrifugation (12 000 · g for 15 min), the pellet was resuspended in 20 ll of TAE buffer and supplemented with 6 ll of stabilized solution (0AE25% bromocresol purple and 50% glycerol in 0AE05 mol l )1 Tris-acetate, pH 7AE9). DNA was electrophoresed by using 0AE7% agarose gels in TAE buffer. DNA bands were visualized by staining with ethidium bromide (2 lg ml )1 ) (Sigma) for 30 min, destained in distilled water for 1 h, and photographed with 254 nm UV transillumination.Vibrio alginolyticus plasmid sizes were estimated by their relative migrations compared with the migrations of plasmids of known sizes harboured by E. coli V517. The analyses were repeated twice.
Pathogenicity assays in fish (lethal dose50)
The potential relationship between the presence of a plasmid of 53AE78 kb and the pathogenicity of the strains of V. alginolyticus was evaluated. The lethal dose 50 (LD50) of strains carrying and without this plasmid were determined following the protocols described by Nieto et al. (1984) . Mean LD50 represents the number of bacteria needed to kill 50% of the inoculated fish.
Bacterial isolates were injected intraperitoneally into juvenile S. aurata specimens (5-10 g body weight), using 0AE1 ml of serial bacterial dilutions. Groups of five fish were inoculated with bacterial dose ranging from 10 3 to 10 8 CFU. The same number of fish specimens inoculated with 0AE1 ml posphate buffered saline (PBS; pH 7AE4) was used as control. Inoculated fish were kept at 22°C and observed daily for 14 days after inoculation, and all the mortalities were recorded, considering only the bacterial origin when the bacterial strain was reisolated in pure culture from internal organs of dead fish. Surviving fish were killed and reisolation of the inoculated strain was attempted to test for the possible carrier state.
RESULTS
Phenotyping
A total of 67 phenotypic features were investigated for the 34 isolates including the reference strains. All the strains tested produced acids from glucose, sucrose, cellobiose, glycerol, mannitol and maltose but no acids were produced from arabinose and lactose. All isolates showed swarming on TSAs, hydrolysed casein and collagen type II but not collagen type I, produced gelatinase, lecithinase, DNase, lipase (tween 80), amylase but not elastase. They were Voges-Proskauer, indole and lisine decarboxylase positive but negative in the arginine dihydrolase test. All the strains grew in 6 and 8% of NaCl and at 15 and 37°C but not in 0% NaCl or at 4°C. Sodium pyruvate, D-sorbitol, D-fructose, succinic acid, D-trehalose, H-proline, and propionic acid were used as sole carbon and energy source. The variable responses to biochemical tests are presented in Table 2 . A wide variability was detected with enzymatic activities by using API ZYM strips. All strains showed 14 common enzymatic activities: alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, phosphatase acid and naphtol-AS-BI-phosphohydrolase and were negative for cystine arylamidase, a-galactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase (data not shown). The strains tested showed variability in lipase (C14), a-chemotrypsin, a-glucosidase and N-acetyl-b-glucosaminidase (Table 2) . On the basis of these results, 13 different biochemical profiles were obtained ( Fig. 1 and Table 1 ). The 16 strains isolated in southwestern Spain were distributed in nine phenotypes. Moreover, the strains isolated from gilt-head sea bream (16 of 34) were included in nine different phenotypes, which also included, in some cases, strains isolated from other fish species. 
Outer membrane protein analysis
The analysis of OMP revealed a similar pattern for V. alginolyticus strains tested regardless of their geographical origin and fish source ( Fig. 2 ; Table 1 ). Nevertheless protein profiles allowed grouping the strains in six OMP profiles (A-F) (Fig. 2) , all of which shared at least four major OMP, with molecular masses of 33, 36, 40 and 46 kDa. Most of the strains were included into C or E group (47 and 26AE5% of the strains, respectively) whilst A and F profiles contained only one strain ( Fig. 2 ; Table 1 ).
Ribotyping
Ten strains were randomly chosen for preliminary assays with an array of four restriction enzymes (HindIII, PvuI, SmaI and SalI) prior to choosing the definitive enzyme (data not shown). The best results were achieved with the enzyme HindIII and this was chosen to perform the ribotyping of all the V. alginolyticus strains. From the 34 strains tested, 23 ribotypes were distinguished among the strains of V. alginolyticus tested and given arbitrary numbers from 2 to 25 (Fig. 3) . All the strains showed stable and reproducible patterns consisting of 13-19 bands sharing six bands lower than 7AE0 kpb (Fig. 3) . Each ribotype included from one to five strains. The 16 strains isolated in the Southwest of Spain were distributed among 12 ribotypes (1-7, 18-20 and 22-23) ( Fig. 4 ; Table 1 ) and nine ribotypes were represented by only one strain. Similarly, some strains isolated from the same fish host showed only one ribotyping profile. None of the strains had ribotypes identical to the type strains (ribotype 21) (Fig. 4) . Moreover, strains from different geographical areas (Scotland, Galizia, Catalonia and Canary Islands) shared same ribotypes (profiles 6 and 7) with strains isolated in southwestern Spain. The ribotypes 2, 4, 5, 7, 8, 15, 16, 20 and 21 were exclusively associated to gilt-head sea bream. The serotype 18 was only isolated from sole, the serotypes 3, 13 and 19 were only detected from sea bass and 14 and 11 were only isolated from turbot. The ribotype 7 was the most frequently isolated from gilt-head sea bream (25% of the isolates from this fish). Only the ribotypes 6 and 10 were detected from three and two cultured fish, respectively.
Plasmid profiling
Twelve different sized plasmids were detected in V. alginolyticus strains, originating eight different plasmid patterns (Fig. 5) . A high percentage of the isolates tested (53%) did not carry plasmids (Table 1) . Seven isolates from different origins contained one plasmid of 53AE78 kb (Table 1) and they belonged to group I. In addition, four strains carried one plasmid that varied in size (smaller than 2AE1-41 kb). Furthermore, three isolates harboured two plasmids of 20AE2 and 9AE3 kb and three plasmids of 53AE78, 12 and 6 kb were detected in two strains. Only one of the strains isolated from marine sediment in Galizia carried five plasmids ranging from 12 to 4AE63 kb (Table 1) . 
Pathogenicity assays
The LD50 values determined for the V. alginolyticus strains assayed ranged from 6AE2 · 10 4 to 10 8 CFU g body weight
for these stains carrying the plamid of 53AE78 kb (Table 3) .
The LD50 values for the strains without this plasmid ranged from 10 5 to 10 8 CFU g body weight )1 (Table 3) . According to the criteria of Santos et al. (1988) , those strains with LD50 values of >10 8 have been considered as nonvirulent, and highly virulent showing LD50 values between 10 4 and 10 6 CFU g body weight )1 .
DISCUSSION
Vibrio alginolyticus can be considered a heterogeneous group using several typing methods, displaying 13 different phenotypes, 23 different ribotypes and eight different plasmid profiles among the 34 strains tested (Table 1) . Biochemical characteristics and OMP profiling have proved to be valuable methods for typing and differentiation of bacterial fish pathogens (Tison et al. 1982; Austin et al. 1997; Farto et al. 1999) . The results obtained in this study indicate that the biochemical profiles presented a low degree of discrimination among the strains, as 61 of the 67 tests were identical. These results are similar to those reported in a study with 30 strains of V. damsela isolated from different sources, showing variability only in seven biochemical tests . On the contrary, heterogeneity of biochemical profiles of isolates of V. splendidus (Ortigosa et al. 1994; Austin et al. 1997) , V. ordalii (Austin et al. 1997) and V. anguillarum (Austin et al. 1995) has been recorded.
Only few differences were observed in the OMP profiles. All strains shared at least four major proteins and only the strain of V. alginolyticus D5 3AE1 (profile F) isolated from gilthead sea bream in Galizia lacked of 90-kDa protein. In addition, this strain possesses a different phenotype (profile 3), one plasmid of 41AE06 kb and the ribotype profile 16. The low degree in the heterogeneity observed among the OMP profiles of V. alginolyticus strains is similar to that found in other bacterial fish pathogens, such as V. vulnificus biotype 2 (Biosca et al. 1993) , V. anguillarum (Austin et al. 1997) and P. damselae subsp. piscicida (Magariños et al. 1992) .
Rybotyping has been suggested as a potential tool for the subtyping of Vibrio species in ecological and epizootiological studies (Bernardet 1996; Austin et al. 1997; Pedersen et al. 1997; Farto et al. 1999) , and to distinguish between clinical and environmental isolates (Pedersen and Larsen 1993) . However, the results obtained in the present study suggest a wide-spreading of the ribotypes, and the discrimination of origins and host could not be possible. Moreover, in Spain we could observe different ribotypes in the V. alginolyticus strains. Thus, only ribotype 1 was common in the studied strains from Galizia and from the Southwest of Spain. Zanetti et al. (1999) reported that ribotyping using HindIII did not allow to distinguish among 30 strains of V. alginolyticus isolated in Sardinian waters.
Plasmid profiling has been used as an epidemiological marker of several fish pathogens, including Aeromonas hydrohila (Borrego et al. 1991) (Tiainen et al. 1995) . More than 50% of the V. alginolyticus strains tested (52AE94%) were plasmidless and among the strains harboured plasmids, eight different plasmid profiles were recorded. Because of the low discriminatory power of plasmid profiles, this method should be considered less useful for typing V. alginolyticus. Similar results have been reported by several authors using V. anguillarum (Austin et al. 1995; Skov et al. 1995) , V. tapetis (Castro et al. 1997) , and V. damsela . The plasmid content of V. alginolyticus was heterogeneous in number and size, varying from five to one, and ranging from lower than 2AE1-53AE78 kb. Several virulence factors of pathogenic bacteria are encoded in genes of large plasmids, such as adhesive properties, toxin production, and iron-sequestering systems (Crosa 1980; Toranzo et al. 1983) . Six V. alginolyticus strains isolated in Spain from gilt-head sea bream harboured one plasmid of 53AE78 kb. These strains were pathogenic as they present a LD50 for gilt-head sea bream ranging from 5AE4 · 10 4 to 2AE0 · 10 5 CFU g body weight )1 (Balebona et al. 1998b; Zorrilla 2000) . In addition, these strains can Table 1 . Numbers on the horizontal axis indicate the percentage of similarity (defined at 0AE95) as determined by Dice coefficient obtain iron from high-affinity compounds by means of siderophores and they have the ability to adhere to skin, gill and intestinal mucus of sea bream. Their extracellular products are able to degrade sea bream mucus and are cytotoxic for fish cell lines (Balebona et al. 1998a) . But the relationship between this plasmid and the pathogenicity of V. alginolyticus strains can not be established because the presence of this plasmid has also been detected in nonvirulent strains (LD50 > 10 8 CFU g body weight )1 ), such as VA-1 and L 51. However, the virulent strain VA6 (LD50 10 5 CFU g body weight )1 ) was not carrier of this plasmid. The results obtained indicate that ribotyping is a sensitive method for the typing of V. alginolyticus strains, although it did not discriminate isolates on the basis of their geographical origin or fish species. The clustering based on ribotyping was quite different from the grouping of strains based on phenotyping, and plasmid profiles, indicating that there is no correlation between the typing methods used. However, the combination of ribotype 7, plasmid profile I (53AE78 kb plasmid) and phenotype 7, was obtained in four strains isolated from gilt-head sea bream in Spain (Table 1 ), suggesting that it could be a clonal lineage. Similarly, two strains (DV1 and LB1) isolated from sea bream and sea bass in the same farm in Canary Island showed identical ribotype, phenotype and plasmid profiling. This could indicate that these strains that caused infections had an endogenous origin, being present in the farm or in its area of influence.
In short, ribotyping was the most discriminative typing method, although phenotype and plasmid profiling showed to be useful complementary methods. Their combined use may be a feasible approach for epidemiological analysis of V. alginolyticus.
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